Anthropogenic activities such as the use of pesticides may affect in some way 12 aquatic biota populations, due to potential agricultural runoffs or disposals. 13 Carbendazim is one example of a widely used fungicide with a high potential to end up 14 in aquatic ecosystems through runoff. Deleterious effects observed at the individual 15 level are possibly explained by changes in homeostasis at cellular and both can then be 16 used to predict effects at the population level. In the present study, an isoclonal 17 population of Daphnia magna (clone k6) was exposed to concentration that mimics 18 relevant levels of carbendazim in the environment during twelve generations. The 19 effects of carbendazim on biochemical biomarkers (cholinesterase, catalase and 20 glutathione S-transferase), lipid peroxidation and energy-related parameters 21 (carbohydrates, lipids and proteins jointly with energy available and energy 22 consumption), parental longevity, and population growth (r) were assessed in some 23 generations. The long-term exposure to carbendazim presented no effect on the intrinsic 24 rate of natural increase (r) of adult D. magna. However, daphnids longevity decreased at 25 the F12 when compared to daphnids from control. Cholinesterases, glutathione S-26 transferase and lipid peroxidation showed differences between the exposed and non-27 exposed populations. However, for catalase and energy related-parameters no 28 differences were observed between these two populations. Natural variability was 29 observed throughout the test period, under control conditions, within the twelve 30 generations. Overall, carbendazim induced some effects at the subcellular level that 31 were translated to longevity, but latter vanishing in terms of population effects. 32 33 Key words Daphnia magna, multigenerations, carbendazim, biochemical biomarkers, 34 energy reserves, DNA damage 35 2 36 1. Introduction 37 Pesticides are extensively used in nowadays agriculture practices across the world 38 (Ecobichon, 2001), leading to a potential continuous or pulses release to aquatic 39 systems by runoff and consequently to long-term exposures. It is expected that 40 organisms may be exposed throughout several generations, thus assessing 41 multigenerational effects is of utmost relevance. Although some multigenerational 42 studies have been already carried out with pesticides (Brausch and Smith, 2009; Liess et 43 al., 2013), no clear conclusions have been drawn regarding long-term effects at the 44 population level. 45 Although environmental relevant concentrations of chemical compounds are 46 generally low with no associated acute toxicity observed, such conditions can still cause 47 sublethal effects in time, reducing organisms' fitness. This might be related, for 48 instance, with the accumulation of damage at a sub-organismal level, such as DNA 49 damage, changes in enzymatic pathways and unbalanced internal energy budget, which 50 may later affect trait related endpoints (e.g. growth or reproduction) (De Coen and 51 Janssen (2003b)). 52 Understanding effects at a subcellular level is an important tool in toxicology to 53 discuss effects at the individual level. Biomarkers may be considered measures of 54 initial changes in response to toxic compounds and can provide more information 55 regarding changes in sensitivity upon a long-term exposure of a population. A 56 biomarker approach thus can help to better depict modes of action of chemical 57 compounds, which later relates to effects at higher levels of organization. 58 Considering the above mentioned, the general aim of the present study was to 59 assess the sublethal effects of a long-term exposure to a pesticide in D. magna, by using 60 a multigenerational approach. For that, carbendazim was chosen as a model fungicide 61 tested over twelve generations of D. magna, and the effects occurring at subcellular, 62 individual and population related levels were assessed and discussed to infer to any 63 linkage between responses at different levels of biological organization. The possibility 64 to work with clonal lineages and generate genetically identical offspring, due to 65 parthenogenetic reproduction, makes the water flea Daphnia magna a good species to 66 test effects at the multigenerational level (Hebert and Ward, 1972). Additionally, 67 population studies can be simulated at the laboratorial scale in order to predict effects at 68 this higher organizational level. 69 3 Carbendazim (CBZ: methyl-2-benzimidazole carbamate) has been used for many 70 years as a fungicide in several agricultural crops, including potatoes, strawberries, 71 onions, wheat, oranges, among others (EU Pesticide Database, 2016) and consequently 72
For the multigenerational approach the concentration of 5 µg/L of CBZ was 110 chosen based on the results from a reproduction test, where an equivalent no-observed-111 effect-concentration (NOEC) was derived (Silva et al., 2015) . The experimental design 112 of the multigenerational experiment is shown in Figure 1 and will be further described as its application can occur for different agricultural crops and at different times during 135 the year (EU Pesticide Database, 2016). Simultaneously, a second isoclonal population 136 of daphnids was maintained under clean medium and used as control. The population of 137 daphnids that was maintained in a control/clean condition (ASTM, R. subcapitata and 138 organic extract but no CBZ) will be designated throughout the study as Dph_Clean and 139 population of daphnids exposed to CBZ (ASTM, R. subcapitata, organic extract and 140 CBZ) as Dph_CBZ. were not required for any parameter evaluation, they were discarded and removed in a 148 daily basis. Each subsequent generation was always initiated by using third brood 149 neonates (<24h) of the previous one and maintained in the same conditions (either 150 Dph_Clean or Dph_CBZ). 151 In the F0, F3, F6 and F12 generations several parameters were evaluated (see 152 sections below). Adults' reproduction was reported in time, along with the time for the 153 first brood, and also survival and longevity. and three replicates with 20 organisms each, for the energy reserves assays (Figure 1 183 SD). These exposures were maintained in similar conditions as their parental exposures.
184
For the enzymatic determinations and LPO, organisms were collected to 1.5 mL 185 Eppendorfs, with maximum media removal, shock frozen in liquid nitrogen and then 186 stored at -80ºC until analyses. Prior to analysis, samples were prepared using an adapted 187 protocol described by Ferreira et al. (2010) . ChE activity was measured according to the 188 Ellman method (Ellman et al., 1961) adapted to a 96 well microplate as described in 189 Guilhermino et al. (1996) . CAT activity was determined based on the methodology 190 described by Claiborne (1985) adapted to microplate (Ferreira et al., 2015) . GST 191 activity was determined according to the method described by Habig et al. (1974) 192 adapted to microplate (Frasco and Guilhermino, 2002 (Fig. 4a ). An increase in the ChE activity in D. magna exposed to low showed some significant interaction, indicating that populations responded differently 332 throughout the generations (two-way ANOVA, F3,39 = 3.393, p<0.05) ( Table 4 SD) .
333
However, throughout the successive generations (F0 to F12), there was an overall trend 334 for the attenuation of this effect with ChE activity in F12 becoming similar between 335 both populations (Fig. 4a ). In the present study, variation in ChE activity was observed 
344
Although the main toxicity mechanism of carbamates is usually through ChE 345 inhibition, exposure to carbamate pesticides has shown to trigger also other toxicity 346 effects such as oxidative stress, by inducing generation of reactive oxygen species 347 (ROS) (Milatovic et al., 2006) . CAT is an antioxidant enzyme, which is responsible for 348 breaking down hydrogen peroxide into water and molecular oxygen (Claiborne, 1985) . CAT activity in F3 daphnids exposed to CBZ was highly decreased which can be a 374 result of a simultaneous activation of another antioxidant defense mechanism, 375 considering that in F6, this enzymatic activity showed a recovery (Sies, 1993 
397
In the case of LPO, both populations (Dph_Clean and Dph_CBZ) showed 398 differences (two-way ANOVA, F1,39 = 12.957, p<0.001) and there was an interaction 399 between generations and exposure, meaning that, throughout the generations, both 400 populations reacted differently for this biomarker (two-way ANOVA, F3,39 = 6.612, 401 p<0.001) ( Fig. 4d and Table 4 Dph_CBZ were atenuated (Fig. 4d) . In the last generation tested (F12), there was a 409 slightly increase in LPO for nenonates of Dph_CBZ comparing with Dph_Clean. This 410 seems to indicate an imbalance in organisms redox equilibrium towards a situation of 411 oxidative stress as previously described in several organisms (including the european 412 eel and collembola) when exposed to harbor water, carbamazepine, fluoxetine and Dph_Clean and Dph_CBZ (two-way ANOVA, F1,23 = 0.167, p>0.05) ( Fig. 5a and Table   435 5 SD), with no interaction between both factors, generations and exposure (two-way 436 ANOVA, F3,23 = 2.202, p>0.05) ( Table 5 SD and lipid reserves were found in consequence of the stress caused by tetracycline. 462 However, throughout the generations, these reductions were recovered (comparing with 463 the control group), suggesting some adaptation (Kim et al., 2014) . 
469
This lack of differences in lipidic, protein and carbohydrates contents ( reported that D. magna showed an ability to switch its life history responses while 476 exposed to stressors (Minguez et al., 2015) , and in the present study reproduction was 477 more favoured than survival. Different patterns may be justified by the chemical nature, The multigenerational exposure of D. magna to a NOEC equivalent concentration 515 of CBZ induced low effects but provided useful information to understand how 516 populations react to long-term exposure to chemicals. One of the first highlights derived 517 from the present study is that the continuous exposure to CBZ did not induce changes in 518 the intrinsic rate of natural increase (r) but deeply affected their longevity, with a 519 notorious decrease in the lifespan found in daphnids exposed after 12 generations to 520 CBZ. Considering that energy related-parameters showed no significant differences 521 between both populations, a trade-off in energy allocation possibly occurred, with more 522 energy being allocated in the reproduction of daphnids, diminishing energy available for 523 survival in a long term. Energy was also partly allocated to detoxification, when looking 524 at biomarkers' patterns. Although ChE, GST and LPO showed differences between 525 clean and exposed isoclonal populations, the identification of a clear detoxification 526 mechanism could not be depict. 
